modulation of channel currents. Elevation of cAMP releases the anchored kinase to phosphorylate and upregulate channel activity. Since yotiao appears to be highly specific for C1 exon-containing NR1 subunits of NMDA receptors, it remains to be determined whether other NMDA receptors engage different AKAPs to perform a similar regulatory function. It is tempting to suggest that the requirement for locally anchored active phosphatase, observed with both NMDA and AMPA receptor subtypes (Westphal et al., 1999; Yan et al., 1999) , may represent a common regulatory mechanism to maintain low-level activity for these channels in the absence of second messenger-mediated stimuli. Ca 2؉ Channels Voltage-dependent L-type Ca 2ϩ channels are potentiated in response to sustained membrane depolarization or by trains of high-frequency depolarizations that mimic action potentials (Catterall, 1991) . These ion channels was capable of coupling with the expressed channel, Enzymological analysis suggests that yotiao tethers although it should be noted that the same AKAP could PP-1 in an active state, favoring dephosphorylation unbe expressed in both cell types. der resting conditions. Support for this model comes Cardiac L-type Ca 2ϩ channels are also regulated by from electrophysiological analysis of NMDA receptor anchored PKA, although it has not been proven that currents. Tonic PP-1 activity attenuated receptor activprepulse potentiation of these channels is AKAP depenity, as direct inhibition of the enzyme with okadaic acid dent. A membrane-targeted AKAP, AKAP79, was shown led to an increase in glutamate-evoked currents. Howto reconstitute PKA regulation of the channel when exever, the same outcome was observed when a peptide pressed with cardiac Ca 2ϩ channel subunits in HEK 293 derived from the phosphatase binding site of another cells (Gao et al., 1997) . Since this anchoring protein PP-1-targeting protein, the muscle glycogen regulatory is not expressed in cardiac tissue, it is possible that subunit (Gm), was included in the patch pipette. Since AKAP79, through its association with the plasma memGm has no inhibitory effect on PP-1 catalytic activity, brane, simply maintains PKA close to the channel in a this result parallels that observed with the spinophilin heterologous expression system. peptide and the AMPA receptor (Yan et al., 1999) . Both
The possibility that AKAP79 is not coupled to L-type studies demonstrate that not only is active PP-1 reCa 2ϩ channels in vivo was supported by the detection quired, but that specific targeting of tonically active of a low-molecular weight RII binding protein, named AKAP15, which copurified and coimmunoprecipitated phosphatase may be an equally important event in the Potassium Channels Several protein kinases, including PKA, have been shown to regulate the activity of calcium-activated potassium channels (K Ca ) when added exogenously (Levitan, 1999). Wang and Kotlikoff (1996) identified PKA as an endogenous kinase responsible for the ATP-dependent augmentation of large conductance K Ca channels in equine tracheal myocytes. Furthermore, a requirement for PKA anchoring was demonstrated when the Ht31 anchoring inhibitor peptide blocked ATP-dependent modulation of the channel ( Figure 2B) .
Another class of PKA-modulated potassium channel, the ROMK-like K ϩ secretory channel (first cloned from a rat outer medulla kidney expression library), may also be modulated by a pool of anchored kinase. of kinase and phosphatase are directed to a specific worth noting that, more recently, AKAP15/18 has also substrate. Such a sophisticated level of molecular orgabeen shown to coimmunoprecipitate with sodium channization may be particularly relevant for the precise connels purified from rat brain (Tibbs et al., 1998) . Since trol of synaptic transmission. Since NMDA receptors these channels are inhibited by PKA phosphorylation, it have been shown to be clustered at the postsynaptic is tempting to speculate that modulation of brain sodium density with other ion channels, physical association of the yotiao signaling complex with C1 exon-containing channels will also depend on PKA anchoring. receptors would enhance preferential modulation of these channels. However, an equally important property of yotiao may be to restrict access of PKA and PP-1 to other potential glutamate receptor substrates clustered nearby through interaction with PDZ domain-containing proteins such as PSD-95, Homer, and GRIP. We anticipate that the role of AKAPs in the modulation of ion channels will be clarified as our understanding of the molecular architecture supporting channel function improves.
